Research in contextEvidence before this studyWomen living with HIV (WLWH) are at greater risk of cervical cancer from higher rates of persistent HPV infection when compared to women without HIV. Limited evidence on the effect of the use of HPV vaccines in WLWH exists. Previous studies have shown that AS04-HPV-16/18 (in young women) and 4vHPV (in children) both produced an antibody response and were well tolerated in WLWH. However immunogenic responses were lower in WLWH versus women without, and in those with more advanced HIV disease.Added value of this studyThis study compared two HPV vaccines in asymptomatic WLWH and with CD4 cell counts of 350 cells/mm^3^ or higher. AS04-HPV-16/18 demonstrated immunological superiority in terms of antibody titers against HPV-16 and HPV-18 and overall higher immunogenicity compared to 4vHPV in WLWH. In addition, AS04-HPV-16/18 showed a similar response to HPV-16/18 in WLWH compared to 4vHPV in subjects without HIV.Implications of all the available evidenceDespite the absence of an immunological correlate of protection for HPV, differences in immune responses elicited by the vaccines may translate into longer lasting or more robust protection against cervical cancer with the AS04-HPV-16/18 vaccine in WLWH, in particular for HPV-18.Alt-text: Unlabelled box

1. Introduction {#sec0004}
===============

Cervical cancer is the fourth most common cancer among women worldwide, with around 569,000 new cases and 311,000 deaths reported in 2018 [@bib0001]. Persistent human papillomavirus (HPV) infection is recognized as the central cause of cervical cancer \[[@bib0002],[@bib0003]\] with up to 71% of cases attributable to high-risk HPV types 16 and 18 [@bib0004]. Women living with HIV (WLWH) have higher rates of persistent HPV infection and are at greater risk of developing cervical cancer than women without HIV infection [@bib0005], [@bib0006], [@bib0007] HPV vaccination is therefore likely to be highly beneficial in this high-risk group.

Two HPV vaccines, AS04-adjuvanted HPV-16/18 vaccine (AS04-HPV-16/18, *Cervarix*, GSK) and HPV-6/11/16/18 vaccine (4vHPV, *Gardasil*, Merck) were licensed in 2007 and 2006, respectively. The former is formulated with AS04, which contains aluminum hydroxide salts and the TLR4 agonist MPL (3-*O*-desacyl-4′-monophosphoryl lipid A) while the latter only includes aluminum hydroxyphosphate sulfate. Both are indicated for the prevention of (ano)genital lesions and cervical and anal cancers caused by certain oncogenic HPV types. For women aged 15 years and older, three doses are recommended, according to a 0-, 1- and 6-month schedule for AS04-HPV-16/18 [@bib0008] or a 0-, 2- and 6-month schedule for 4vHPV [@bib0009]. A large trial comparing these two vaccines in 18- to 45-year-old women showed significantly higher HPV-16 and HPV-18 neutralizing antibody responses with AS04-HPV-16/18 vs. 4vHPV, as well as higher positivity rates in cervicovaginal secretions (CVS) and higher HPV-16 and HPV-18 specific B-cell frequencies, one month after the last dose [@bib0010]. Five years after vaccination, serum neutralizing antibody levels were still 7.8-fold higher with AS04-HPV-16/18 compared to 4vHPV for HPV-16, and 12.1-fold for HPV-18 in 18--26 year olds [@bib0011]. In a study in 9- to 14-year-old girls, AS04-HPV-16/18 was administered as a two-dose schedule (0, 6 months) and was also shown to be superior to two-dose and three-dose of 4vHPV in terms of immune responses to both HPV-16 and HPV-18 up to 36 months after vaccination [@bib0012]. The AS04 adjuvant is thought to play a key role in the difference of immunogenicity and efficacy profiles between the two vaccines \[[@bib0013],[@bib0014]\].

Inactivated vaccines can generally be safely administered to people with altered immunocompetence, although safety and efficacy may differ according to immunodeficiency type and severity [@bib0015]. AS04-HPV-16/18 and 4vHPV contain no live infectious or inactivated agents. Instead, they contain recombinant proteins assembled as virus-like particles (VLP), thereby reducing the potential for harmful effects. At the time of study design, limited data were available on the use (or effects) of the two HPV vaccines in WLWH, while it was known that WLWH could mount a humoral response to HPV antigen [@bib0016].

A South African study in WLWH and women without HIV aged 18 to 25 years who received three doses of AS04-HPV-16/18 vaccine showed that all women were seropositive for both HPV-16 and HPV-18 after the second vaccine dose and until one year after the first dose, irrespective of baseline HPV status. While antibody titers against HPV-16 and HPV-18 were lower in WLWH than in women without HIV, they remained 26-fold and 16-fold higher after 12 months, respectively, than those observed in healthy women with an immune response to natural infection [@bib0017]. A study in children living with HIV aged 7 to 12 years who received either three or four doses of 4vHPV and followed- up to five years showed seropositivity rates 86--93% for types 6, 11 and 16 but 64% for HPV-18. These rates were similar to those observed one month after completing vaccination, suggesting a poor response to 4vHPV vaccination for some subjects \[[@bib0018],[@bib0019]\]. Another study with 4vHPV in girls and WLWH aged 13 to 45 years showed that the vaccine had an acceptable safety profile and was immunogenic. Lower seroconversion rates for HPV-6, −11, -16 and −18 were observed however after three doses in WLWH with a viral load of \>10,000 copies/mL and/or CD4 count \<200 cells/µL [@bib0020]. A double-blind head to head study with the AS04-HPV-16/18 and the 4vHPV vaccines in older males and WLWH found the AS04 adjuvanted vaccine overall more immunogenic [@bib0021]. A follow-up of this study found both vaccines to induce comparable cellular immune responses, although the limited sample size sounds a note of caution when interpreting these results [@bib0022]. Last, a recent efficacy study with 4vHPV in 279 WLWH suggested a higher risk for vaccine failure compared to women without HIV. All four breakthrough infection observed were HPV-18 which was unexpected considering the low HPV-18 prevalence in the study [@bib0023].

This phase IV randomized controlled observer-blind study (NCT01031069) was conducted to assess the safety and immunogenicity of AS04-HPV-16/18 compared to 4vHPV in females aged 15 to 25 years who were living with HIV (clinical stage 1) or without HIV over 24 months.

2. Patients and methods {#sec0005}
=======================

2.1. Study design and participants {#sec0006}
----------------------------------

This multicenter, randomized, controlled, observer-blind phase IV study (NCT01031069) was conducted in clinical stage 1 (asymptomatic) WLWH and in women without HIV aged 15 to 25 years. Study participants were randomized 1:1 to receive a 0·5 mL dose of either AS04-HPV-16/18 or 4vHPV at day 0, week 6 and month 6. Vaccines were administered by intramuscular injection into the deltoid of the non-dominant arm. The study duration of two years included an active phase up to month 7, and a follow-up phase until month 24. An independent data monitoring committee (IDMC) provided oversight throughout the study.

2.2. randomization {#sec0007}
------------------

Subjects were enrolled in Brazil, Estonia, India, and Thailand. Randomization was performed using MATEX, a program developed for use in SAS (Cary, NC, USA) by GSK. A randomization blocking scheme (1:1 ratio) was used to ensure balance between treatments was maintained: a treatment number was allocated at each dose for each subject. Treatment allocation at the investigator site was performed using a central randomization system on the Internet. Subjects were stratified according to country, baseline HIV infection status, and age (15 to 17 years and 18 to 25 years). In addition, WLWH were randomized according to baseline CD4 cell count (350--500 cells/mm^3^ or \>500 cells/mm^3^) and whether they were on highly-active antiretroviral therapy (HAART) or not. The randomization algorithm for WLWH used a minimization procedure accounting for CD4 cell count and HAART.

2.3. Study conduct {#sec0008}
------------------

Data were collected in an observer-blind manner. Due to the different visual appearance of the HPV vaccines, qualified medical personnel not otherwise involved in the conduct of the study prepared and administered the vaccines. The vaccine recipient and study personnel conducting or evaluating study endpoints were unaware of which vaccine was administered. Analyses were performed by an external statistician.

The study was conducted in accordance with the Good Clinical Practice (GCP) Guidelines and the Declaration of Helsinki, and the protocol and associated documents were reviewed and approved by local ethics committees. Written informed consents were obtained from the subjects or their legally acceptable representatives, and assents were obtained from subjects below the legal age of consent who consented after reaching 18 years of age during the course of the study. The study protocol is provided in the Supplementary materials. The manuscript was developed in accordance with the CONSORT checklist.

A sample size of 120 evaluable WLWH per vaccine group was needed to demonstrate superiority for HPV-18 and HPV-16 immune response with a power of 97%. A total of 600 subjects (300 with and 300 without HIV) were to be enrolled. Due to data integrity issues at one site (protocol non-compliance, high drop-out rate), additional subjects were enrolled to maintain statistical power for analysis. Thus, approximately 700 subjects were to be enrolled to obtain 480 evaluable subjects.

Subjects with no previous vaccination against HPV or previous administration of 3-*O*-desacyl-4′- monophosphoryl lipid A (MPL) or AS04, a GSK proprietary-Adjuvant System containing MPL (50 µg) adsorbed on Aluminum salt (500 µg), were included. WLWH, according to the World Health Organization (WHO) case definition, were defined as having positive HIV antibody test report (rapid or laboratory-based enzyme immunoassay, confirmed by a second and different HIV antibody test relying on different antigens or of different operating characteristics and/or positive virological test for HIV or its components such as HIV-RNA, HIV-DNA or ultrasensitive HIV P24 antigen). The protocol was amended during the study to be in line with the updates of the WHO guidelines. Subjects had to be asymptomatic regardless of their prior clinical stage. If they were currently taking antiretrovirals (ARV), subjects were to be on HAART for at least one year, have undetectable viral load (i.e., viral load ≤400 copies/mL) for at least six months, and have a CD4 cell count \>350 cells/mm^3^ at study entry. WLWH diagnosed with active tuberculosis (TB), or subjects on TB therapy were not enrolled.

2.4. Study assessments {#sec0009}
----------------------

Immunogenicity assessments were performed as previously described in Leung et al. (2018) [@bib0012], including determination of antibody titers to HPV-16 and HPV-18 in all subjects using pseudovirion-based neutralization assay (PBNA) up to month 7 and Enzyme-linked Immunosorbent Assay (ELISA) until study end; cell-mediated immune response (memory B-cells by Enzyme-linked Immunospot \[ELISPOT\] and, CD4 and CD8 T cells by Intracellular Cytokine Staining) in a randomized subset of 100 subjects (25 from each arm); and total immunoglobulin G and anti-HPV-16/18 antibody titers in cervicovaginal secretions from a subset of post-menarcheal subjects who volunteered, by ELISA ([Table 1](#tbl0001){ref-type="table"}). The conversion factor from ELISA to international units (IU) for the serum assays were determined as 1/6.1 for HPV-16 and 1/5.7 for HPV-18 [@bib0024]. Solicited adverse events (AEs) occurring within seven days and unsolicited AEs occurring within one month of vaccination were recorded on a diary card by the subject or the legally acceptable representative. Diary cards were transcribed by investigators one month after each vaccine dose, and the intensity of AEs and relationship to vaccination (for solicited general and unsolicited symptoms) were assessed. Serious adverse events (SAEs) and medically-significant conditions (MSCs) were recorded at each visit.Table 1Study timepoints for vaccination schedule and immunogenicity assessments.Table 1D 0W 6W 10M 6M 7M 12M 18M 24**Vaccination (AS04-HPV-16/18 or 4vHPV)**Dose 1Dose 2--Dose 3--------**HPV-16/18 humoral response**PBNA------PBNA------ELISAELISAELISA--ELISAELISAELISAELISA**HPV-16/18 cell-mediated immunity**[\*](#tb1fn1){ref-type="table-fn"}ELISPOTELISPOTELISPOT--ELISPOTELISPOT----ICSICSICS--ICSICS----**cervico-vaginal secretions**[⁎⁎](#tb1fn2){ref-type="table-fn"}ELISAELISAELISA--ELISAELISA--ELISA[^1][^2][^3]

The co-primary immunogenicity and safety endpoints were i) to demonstrate non-inferiority of AS04-HPV-16/18 vs. 4vHPV in the according to protocol (ATP) cohort and if non-inferiority was demonstrated, to demonstrate superiority in the total vaccinated cohort (TVC) in terms of geometric mean titers (GMTs) against HPV-16 and HPV-18 measured by PBNA one month after administration of the third dose (i.e., month 7) in WLWH; ii) to assess safety and reactogenicity of both vaccines in WLWH up to month 7 in the TVC.

Non-inferiority was to be demonstrated if the lower limit of the 95% confidence interval (CI) for the ratio of GMTs (AS04-HPV-16/18 over 4vHPV) was above 0·5 for both HPV types. Superiority was to be demonstrated if the lower limit of the 95% CI for the ratio of GMTs (AS04-HPV-16/18 over 4vHPV) was above 1·0 for both HPV types, with a statistically significant p-value.

Secondary immunogenicity endpoints were to i) demonstrate superiority of AS04-HPV-16/18 vs. 4vHPV in subjects without HIV using PBNA at month 7, ii) evaluate antibody response to both vaccines using ELISA from day 0 to month 24 in all subjects, iii) evaluate antibody response using ELISA in CVS from day 0 to month 24 in post-menarcheal subjects who volunteered for this procedure, iv) evaluate memory B and T cell-mediated immune (CMI) response against HPV-16 and HPV-18 from day 0 to month 12 in a subset of 100 subjects (50 with and 50 without HIV).

See [Table A1](#tbl0004){ref-type="table"} for description of primary and secondary endpoints.

2.5. Statistical methods {#sec0010}
------------------------

Statistical analysis of baseline characteristics, immunogenicity and safety outcomes was conducted. Demographic characteristics of each study cohort were tabulated. Cohorts for analysis and withdrawal status were summarized per treatment group. HIV mode of transmission, WHO clinical staging, HIV viral load, CD4 cell count and ARV use of the subjects at baseline are presented as a whole and by treatment group.

For immunogenicity primary and secondary outcomes, between-group comparisons to assess non-inferiority were done on the more restrictive ATP cohort for immunogenicity (by PBNA, regardless of HPV serostatus at baseline). The ATP cohort for immunogenicity included all subjects who met all eligibility criteria and complied with procedures, received all three allocated vaccine doses and for whom immunogenicity endpoints were available. A second analysis on the TVC was performed to support the primary analysis. Primary and secondary between-group comparisons to assess superiority were performed on the TVC (by PBNA; regardless of HPV serostatus at baseline). The TVC for analysis of immunogenicity included subjects who received at least one dose of the vaccines and for whom data concerning immunogenicity endpoint measures were available. Two-sided 95% CIs of anti-HPV-16 and anti-HPV-18 GMT ratios (AS04-HPV-16/18 over 4vHPV), at month 7, were computed using an analysis of variance (ANOVA) model on the log~10~ transformation of the titers for WLWH (primary objective) and for subjects without HIV (secondary objectives). The ANOVA model included the vaccine group and country as fixed effect. For CMI, T-cells response (frequency of [d]{.smallcaps}-CD40L, [d]{.smallcaps}-IL2, [d]{.smallcaps}-TNFγ, [d]{.smallcaps}-IFNγ or all doubles positive CD4/CD8) by intracellular cytokine staining and B cells response by enzyme linked immunospot were measured in a subset of 100 subjects.

The primary safety analysis was performed on the TVC. The following analyses were done on WLWH subjects (primary objectives) and on subjects without HIV (secondary objectives): percentage of subjects with solicited local and general and grade 3 AEs during the solicited follow-up period (days 0 -- 6) and during the 30-day follow-up period, with relationship to vaccination and median duration; medically significant conditions or a potentially immune-mediated disease (pIMD) from first vaccination up to 12 months after the last vaccine dose (i.e., month 18); SAEs, withdrawal due to AE(s); proportion of subjects who received at least one concomitant medication during the entire study period; in WLWH, CD4 cell counts, HIV viral load, WHO HIV clinical staging and the use of ARVs.

A post-hoc analysis using a general linear model was performed on neutralizing antibodies at Month 7 on TVC. The final model included age, HAART status and CD4 cell count at baseline and vaccine type.

See [Table A2](#tbl0005){ref-type="table"} for statistical methods used for all immunogenicity and safety outcomes.

3. Role of funding {#sec0011}
==================

GlaxoSmithKline Biologicals S.A. funded this study (NCT01031069) and all costs related to the development of the related publications.

4. Results {#sec0012}
==========

Among 873 subjects recruited between 26 October 2010 and 14 May 2015, 173 from the same study site were excluded due to GCP non-compliance, 146 were screening failures and 1 subject did not participate after Visit 1. The remaining 546 subjects were randomized (1:1) and received at least one dose of the allocated vaccine (TVC): 257 were WLWH (129 AS04-HPV-16/18 and 128 4vHPV) and 289 were without HIV (144 AS04-HPV-16/18 and 145 4vHPV). Overall, 448 subjects completed the study (117 and 117 WLWH and 103 and 111 subjects without HIV, in the AS04-HPV-16/18 and 4vHPV groups, respectively). The main reasons for withdrawal from the study were withdrawal of consent not due to an AE, and loss to follow-up ([Fig. 1](#fig0001){ref-type="fig"}). The ATP cohort for immunogenicity included 323 subjects at month 7: 82 and 84 WLWH and 77 and 80 subjects without HIV in the AS04-HPV-16/18 and 4vHPV groups, respectively.Fig. 1**Study flow diagram (following CONSORT)**.AE: adverse event; ATP: according to protocol; GCP: good clinical practice; HIV: human immunodeficiency virus; HPV: human papillomavirus; SAE: serious adverse event; WLWH: women living with HIV.Fig. 1

The mean age of women at baseline was 19·8 years (SD: 3·2) and 63·5% (347/546) were of Asian heritage. Among WLWH, HIV was sexually-transmitted in 48·2% (124/257) and maternally-transmitted in 42·8% (110/257) of cases. Overall, 93·4% (240/257) had WHO HIV clinical stage 1 and 61·5% (158/257) were using HAART. Median CD4 cell count was 569 (interquartile range \[IQR\]: 444--780) and 609 (IQR: 488--783) cells/mm^3^ in the AS04-HPV-16/18 and 4vHPV groups, respectively. The groups were comparable in terms of clinical stage and HIV viral load (median 40 copies/mL in both groups; IQRs: 9--2531 and 9--3343 for the AS04-HPV-16/18 and 4vHPV groups, respectively). At baseline, 94·8% (254/268) of subjects without HIV (in both vaccine groups) were seronegative for HPV-16 and HPV-18 antibodies vs. 70·3% (83/118) and 81·0% (94/116) of WLWH (AS04-HPV-16/18 and 4vHPV groups, respectively) ([Table 2](#tbl0002){ref-type="table"}).Table 2Baseline demographic and HIV clinical characteristics (TVC).Table 2WLWHWomen without HIVTotalAS04-HPV-16/184vHPVAS04-HPV-16/184vHPV**Randomized, N (TVC)**129128144145546**Female, n**129128144145546**Mean age, years (SD)**20·4 (3·4)20·1 (3·5)19·3 (3·0)19·6 (3·0)19·8 (3·2)**Asian:** **Central/South Asian heritage, n (%)**20 (15·5)18 (14·1)67 (46·5)68 (46·9)173 (31·7) **South East Asian heritage, n (%)**40 (31·0)44 (34·4)39 (27·1)42 (29·0)165 (30·2) **East Asian heritage, n (%)**3 (2·3)2 (1·6)1 (0·7)06 (1·1) **Japanese heritage, n (%)**001 (0·7)2 (1·4)3 (0·5)**White:** **Caucasian/European heritage, n (%)**33 (25·6)37 (28·9)24 (16·7)19 (13·1)113 (20·7)**Other:** **Arabic / North African heritage, n (%)**17 (13·2)12 (9·4)7 (4·9)6 (4·1)42 (7·7) **African heritage / African American, n (%)**10 (7·8)6 (4·7)4 (2·8)4 (2·8)24 (4·4) **Other, n (%)**6 (4·7)9 (7·0)1 (0·7)4 (2·8)20 (3·7)**HPV Seropositive at baseline, n (%)** **Anti-HPV-16 and 18 antibody**5 (3·9)3 (2·3)1 (0·7)1 (0·.7)10 (1·8) **Anti-HPV-16 antobody only**16 (12·4)11 (8·6)5 (3·5)5 (3·4)37 (6·8) **Anti-HPV-18 antibody only**14 (10·9)8 (6·3)1 (0·7)1 (0·7)24 (4·4) **Seronegative**83 (64·3)94 (73·4)127 (88·2)127 (87·6)431 (78·9) **Missing n**11 (8·5)12 (9·4)10 (6·9)11 (7·6)44 (8·1)**HIV Mode of transmission, n (%):**---- **Sexual**66 (51·2)58 (45·3)124 (48·2) **Blood transfusion**0 (0)2 (1·6)2 (0·8) **Drug user by needles**4 (3·1)1 (0·8)5 (1·9) **From mother**50 (38·8)60 (46·9)110 (42·8) **Other**7 (5·4)5 (3·9)12 (4·7) **Unknown**2 (1·6)1 (0·8)3 (1·2) **Multiple modes**0 (0)1 (0·8)1 (0·4)**WHO HIV Clinical stage, n (%):**---- **Stage 1**120 (93·0)120 (93·8) **Stage 2**7 (5·4)3 (2·3) **Stage 3**1 (0·8)1 (0·8) **Stage 4**1 (0·8)4 (3·1)**HIV viral load n (%)Detectable**45 (34 9)44 (34 4) **Not detectable (≤400 copies/mL)**84 (65 1)84 (65 6)**Antiretroviral (HAART) use, n (%):**---- **Yes**80 (62·0)78 (60·9)158 (61·5) **No**49 (38·0)50 (39·1)99 (38·5)**CD4 cell count (cells/mm^3^)** **n**124122----246 **n Missing**5611 **n (%) with CD4 counts 350--500**39 (30·2)39 (30·5) **n (%) with CD4 counts \>500**90 (69·8)89 (69·5) **Median**569·1609·0586·5 **Q1**444·0488·0448·0 **Q3**780·0783·0782·2 **Mean**655·7667·2661·4 **Minimum**196·0123·0123·0 **Maximum**2703·01598·02703·0**HIV viral load (copies/mL)** **n**129128----257 **Median**40·040·040·0 **Q1**9·09·09·0 **Q3**2531·03343·02900·0 **Mean**11,002·110,417·910,711·2 **Minimum**0·00·00·0 **Maximum**293,840·0600,000·0600,000·0[^4]

The primary immunogenicity endpoint was met, with demonstration of non-inferiority and immunological superiority of AS04-HPV-16/18 versus 4vHPV in WLWH at month 7; anti-HPV-16 and anti-HPV-18 PBNA titers were 2·74-fold and 7·44-fold higher (*p*\<0·0001), with AS04-HPV-16/18. Immunological superiority with AS04-HPV-16/18 versus 4vHPV was also demonstrated in subjects without HIV at month 7; anti-HPV-16 and anti-HPV-18 PBNA titers were 3·05-fold and 5·38-fold higher with AS04-HPV-16/18 (both *p*\<0·0001), respectively ([Table 3](#tbl0003){ref-type="table"}). In addition, the immunogenicity of AS04-HPV-16/18 in WLWH subjects was comparable and non-inferior to 4vHPV in subjects without HIV (ATP cohort, by PBNA) ([Fig. 2](#fig0002){ref-type="fig"} and [Table 3](#tbl0003){ref-type="table"}).Table 3Immunogenicity of AS04-HPV-16/18 and 4vHPV vaccines, by PBNA at month 7.Table 3Non-inferiority analysis in WLWH subjects (Month 7 ATP cohort)AS04-HPV-16/184vHPVAdjusted GMT ratio (95%CI)anti-HPV-16 PBNA titers*n* = 8022,253·4*n* = 837542·92·95 (1·92; 4·52)anti-HPV-18 PBNA titers*n* = 8011,855·2*n* = 831514·97·83 (4·84; 12·66)Superiority analysis in WLWH subjects (TVC)AS04-HPV-16/184vHPVAdjusted GMT ratio (95%CI)p valueanti-HPV-16 PBNA titers*n* = 10920,279·6*n* = 1107400·82·74 (1·83; 4·11)\<0·0001anti-HPV-18 PBNA titers*n* = 10911,128·1*n* = 1101496·57·44 (4·79; 11·54)\<0·0001Superiority analysis in subjects without HIV (TVC)AS04-HPV-16/184vHPVAdjusted GMT ratio (97·5%CI)p valueanti-HPV-16 PBNA titers*n* = 10560,249·2*n* = 11219,726·83·05 (1·84; 5·06)\<0·0001anti-HPV-18 PBNA titers*n* = 10532,016·1*n* = 1125947·85·38 (3·20; 9·06)\<0·0001Non-inferiority analysis in AS04-HPV-16/18-WLWH subjects vs. 4vHPV- subjects without HIV (ATP)AS04-HPV-16/18-WLWH4vHPV-women without HIVAdjusted GMT ratio (95%CI)anti-HPV-16 PBNA titers*n* = 8022,515·2*n* = 8027,234·70·83 (0·57--1·20)anti-HPV-18 PBNA titers*n* = 8012,397·4*n* = 807002·51·77 (1·20--2 61)[^5][^6][^7]Fig. 2**Reverse cumulatitive distribution curves for anti-HPV-16 and anti-HPV-18 neutralizing antibody titers (by ED~50~ level) at month 7 on initially seronegative subjects (TVC, PBNA). (a) Anti-HPV-16 PBNA titers. (b) Anti-HPV-18 PBNA titers.Figure 2** shows the reverse cumulative distribution curves for anti-HPV-16 and anti-HPV-18 neutralizing antibody titers in initially seronegative subjects (measured by PBNA) at Month 7 in each study group.ATP: according to protocol; ED50: highest dilution that caused at least 50% reduction in enzymatic activity; HIV: human immunodeficiency virus; HPV: human papillomavirus; PBNA: Pseudovirion-Based Neutralization Assay; WLWH: women living with HIVFig. 2

Serum antibody response to HPV-16 and HPV-18 was assessed throughout the study duration for both vaccines by ELISA. A correlation was shown at month 7 in WLWH between PBNA and ELISA. Pearson\'s correlation coefficient for HPV-16 was 77·5% for AS04-HPV-16/18 and 88·1% for 4vHPV. For HPV-18, the coefficients were 84·5% and 95·4%, respectively. Antibodies showed a peak in concentration one month after vaccination and started reach a plateau phase by month 24 ([Fig. 3](#fig0003){ref-type="fig"}, [Fig. 4](#fig0004){ref-type="fig"}, [Table A3](#tbl0006){ref-type="table"}). In the TVC, nearly all initially seronegative subjects had seroconverted for HPV-16 antibodies at month 7, with seropositivity rates at month 24 remaining above 96%. At month 7, most subjects (≥97%) had seroconverted for HPV-18 antibodies. However, by month 18 seropositivity rate dropped to 68·4% (65/95 subjects) for 4vHPV while AS04-HPV-16/18 maintained a high seroconversion rate (97·8%, 87/89 subjects).GMCs in the AS04-HPV-16/18 groups remained above those in the corresponding 4vHPV groups for both antigens at month 24. WLWH receiving AS04-HPV-16/18 had non-inferior antibody responses to subjects without HIV receiving 4vHPV ([Table 3](#tbl0003){ref-type="table"}). Within both AS04-HPV-16/18 and 4vHPV WLWH groups, antibody response to HPV-16 and HPV-18 was higher in subjects with maternally-transmitted vs. sexually-transmitted HIV. Antibody responses to both antigens also appeared higher with AS04-HPV-16/18 vs. 4vHPV, regardless of HIV transmission mode ([Tables A4](#tbl0007){ref-type="table"} and [A5](#tbl0008){ref-type="table"}). When comparing WLWH according to baseline CD4 cell count, antibody responses to both HPV-16 and HPV-18 appeared higher in WLWH with higher CD4 counts (i.e., \>500 vs. 350--500 at baseline), and appeared higher with AS04-HPV-16/18 vs. 4vHPV for both antigens, regardless of baseline CD4 cell count. In addition, WLWH with lower CD4 counts who received AS04-HPV-16/18 had comparable and higher antibody titers, to HPV-16 and HPV-18 respectively, than WLWH with higher CD4 counts who received 4vHPV ([Tables A6](#tbl0009){ref-type="table"} and [A7](#tbl0010){ref-type="table"}).Fig. 3**(A) Persistence of HPV-16 antibody titers (International units per mL\[IU/*m*L\]) and (B) seroconversion rates in all subjects who received at least one dose of vaccine (TVC)**.Seroconversion: percentage of subjects with an anti-HPV-16 VLP IgG antibody concentrations ≥3.1 IU/mL (by ELISA) ATP: according to protocol; D: Day; CI: confidence interval; ELISA: Enzyme-linked Immunosorbent Assay; GMC: geometric mean concentration; HIV: human immunodeficiency virus; HPV: human papillomavirus; IgG: immunoglobulin G; M: Month; n: number of subjects seroconverted; N: total number of subjects; VLP: virus-like particle; W: Week; WLWH: women living with HIVFig. 3Fig. 4**(A) Persistence of HPV-18 antibody titers (International Units per mL \[IU/mL\]) and (B) seroconversion rates in all subjects who received at least one dose of the vaccine (TVC)**. Seroconversion: percentage of subjects with an anti-HPV-18 VLP IgG antibody concentrations ≥3.2 IU/mL (by ELISA) ATP: according to protocol;D: Day; CI: confidence interval; ELISA: Enzyme-linked Immunosorbent Assay; GMC: geometric mean concentration; HIV: human immunodeficiency virus; HPV: human papillomavirus; IgG: immunoglobulin G; M: Month; n: number of subjects seroconverted; N: total number of subjects; VLP: virus-like particle; W: Week; WLWH: women living with HIV.Fig. 4

In a subset of post-menarcheal subjects living with HIV, HPV-16 and HPV-18 antibody titers were assessed in CVS samples by ELISA. At month 24, anti-HPV-16 antibodies were still detected in 55·6% (*n* = 5/9) of AS04-HPV-16/18 and 50·0% (*n* = 6/12) of 4vHPV subjects (seronegative at baseline), while anti-HPV-18 antibodies were detected in 55·6% (*n* = 5/9) of AS04-HPV-16/18 and 15·4% (*n* = 2/13) of 4vHPV subjects (TVC). Despite the small sample size, these data appear to be in line with the serum antibody titers showing higher responses with AS04-HPV-16/18 versus 4vHPV.

Cell-mediated immunity was assessed in a subset of 102 subjects; CD4 T cell responses (i.e., median frequency of HPV-16 and HPV-18 specific CD4 T cells per million CD4 T cells expressing at least two different immune markers) were detected in all groups, and were comparable in subjects with or without HIV for both antigens. There was a trend for higher responses in AS04-HPV-16/18 versus 4vHPV groups from the second dose ([Fig. 5](#fig0005){ref-type="fig"}). No substantial HPV-16 and HPV-18 specific CD8 T cell responses were detected. Overall there was a trend for better memory B-cell responses with AS04-HPV-16/18 versus 4vHPV. Memory B cell response against HPV-18 in WLWH receiving 4vHPV were poor ([Fig. 6](#fig0006){ref-type="fig"}). A summary of key results is shown in [Table A8](#tbl0011){ref-type="table"}.Fig. 5**HPV-16 (A) and HPV-18 (B) specific CD4 T-cell mediated immune responses (subjects seronegative at baseline, TVC; median and IQR 25% and 75%)**. ATP: according to protocol; HIV: human immunodeficiency virus; HPV: human papillomavirus; IQR: interquartile range; WLWH: women living with HIV.Fig. 5Fig. 6**HPV-16 (A) and HPV-18 (B) specific B-cell mediated immune responses (subjects seronagtive at baseline, TVC; median and IQR 25% and 75%)**. ATP: according to protocol; HIV: human immunodeficiency virus; HPV: human papillomavirus; IQR: interquartile range; WLWH: women living with HIV.Fig. 6

The post-hoc modeling of the response in terms of neutralizing antibodies at Month 7 comparing the two vaccines and adjusting for HAART, CD4 and age in WLWH showed a GMT ratio of 2·95 (1·99, 4·35) for HPV-16 and 8·02 (5·32, 12·08) for HPV-18 in favor of AS04 HPV-16/18.

Solicited local and general symptoms were in line with approved product labels. Within seven days of vaccination, the most frequently reported solicited local symptom in all groups was pain at the injection site, occurring in 93·8% (120/128) and 94·3% (133/141) of AS04-HPV-16/18 subjects and 66·9% (85/127) and 82·6% (119/144) of 4vHPV subjects, (subjects with and without HIV, respectively) ([Fig. 7](#fig0007){ref-type="fig"}). The most frequently reported grade 3 symptom was pain, occurring in 8·6% (11/128) and 15·6% (22/141) of AS04-HPV-16/18 subjects and, 4·7% (6/127) and 5·6% (8/144) of 4vHPV subjects (subjects with and without HIV, respectively). The most frequently reported solicited general symptom in all groups was headache, occurring in 68·8% (88/128) and 48·9% (69/141) of AS04-HPV-16/18 subjects and 49·6% (63/127) and 46·5% (67/144) of 4vHPV subjects (subjects with and without HIV, respectively). Individual grade 3 solicited general symptoms were reported in not more than 8·6% (11/128) and 5·0% (7/141) of AS04-HPV-16/18 subjects and 3·1% (4/127) and 3·5% (5/144) of 4vHPV subjects (subjects with and without HIV, respectively).Fig. 7**Percentage of subjects experiencing a local (above solid black line) or general (below solid black line) symptom after vaccination**.Gastr. Symptom: gastrointestinal symptom; high grade: grade 3, or \>50 mm (redness, swelling), or \>39 °C (fever); WLWH: women living with HIV.Fig. 7

Within 30 days post vaccination, the most frequently reported unsolicited symptoms were headache (5·4% \[7/129\] of subjects in the WLWH AS04-HPV-16/18 group), dysmenorrhea (2·8% \[4/144\] of subjects in AS04-HPV-16/18 group without HIV) and nasopharyngitis (3·1% \[4/128\] and 4·1% \[6/145\] of subjects in the 4vHPV groups with and without HIV, respectively). At least one grade 3 unsolicited symptom was reported by 5·4% (7/129) and 0·7% (1/144) of AS04-HPV-16/18 subjects, and 3·1% (4/128) and 2·1% (3/145) of 4vHPV subjects (with and without HIV, respectively). None of the grade 3 unsolicited symptoms were reported by more than one subject in any group. At least one unsolicited symptom considered by the investigator to have a possible causal relationship to vaccination was reported by 7·0% (9/129) and 2·8% (4/144) of AS04-HPV-16/18 subjects and, 6·3% (8/128) and 1·4% (2/145) of 4vHPV subjects (with and without HIV, respectively): the most frequently reported were headache and dizziness, reported by two subjects (1·6%) in the AS04-HPV-16/18 group. One subject (0·8%) in the AS04-HPV-16/18 WLWH group reported one grade 3 unsolicited symptom (immune thrombocytopenic purpura also reported as a SAE). This was considered by the investigator to be due to underlying HIV infection which may have been aggravated by the study vaccine, and was therefore classed as having a possible causal relationship to vaccination.

There were more SAEs and MSCs reported in WLWH vs women without HIV. Apart from the case mentioned above with immune thrombocytopenic purpura, no other SAEs were considered to be related to vaccination. By month 7, six subjects each in the AS04-HPV-16/18 and 4vHPV groups with HIV reported at least one SAE while among subjects without HIV, one subject in the AS04-HPV-16/18 group reported two SAEs. During the entire study period, 23 subjects reported a total of 29 SAEs (WLWH: nine subjects with 11 SAEs in the AS04-HPV-16/18 group, nine subjects with 12 SAEs in the 4vHPV group and, without HIV: four subjects with five SAEs in the AS04-HPV-16/18 group and, one subject with one SAE in the 4vHPV group). Two non vaccine related fatal SAEs (bacterial pneumonia and pulmonary tuberculosis) were reported in one subject in the 4vHPV group with HIV 1 month after receiving the third dose of the 4vHPV vaccine. All non-fatal SAEs resolved without sequelae. Apart from the subject with fatal SAEs, no subjects were withdrawn from the study due to an AE or SAE.

Up to month 18 (12 months after the last dose of vaccination), at least one MSC was reported by 25 (19·4%) and 37 (28·9%) WLWH (AS04-HPV-16/18 and 4vHPV groups, respectively), and by 10 (6·9%) and 17 (11·7%) subjects without HIV (AS04-HPV-16/18 and 4vHPV groups, respectively). The most frequently reported MSCs (based on an incidence of ≥2 subjects) were herpes zoster, pain, anemia and vulvovaginal pruritus in the WLWH AS04-HPV-16/18 group, reported by two subjects (1·6%) each, and diarrhea, reported by five subjects (3·9%) in the WLWH 4vHPV group. None of the MSCs were reported by more than one subject in vaccine groups without HIV.

5. Discussion {#sec0013}
=============

AS04-HPV-16/18 demonstrated immunological superiority to 4vHPV in WLWH at month 7, with significantly higher anti-HPV-16 and HPV-18 neutralizing antibody titers (PBNA). At month 7, nearly all initially seronegative subjects had seroconverted for HPV-16 and HPV-18 antibodies. In the 4vHPV group, seropositivity rates for HPV-18 sharply decreased to 68·4% by month 18, whereas in other groups and for HPV-16 seropositivity rates remained close to 100%. Antibody responses were overall lower in WLWH vs subjects without HIV, however immunogenicity levels achieved in WLWH with AS04-HPV-16/18 were comparable to those achieved in subjects without HIV having received 4vHPV. More of the WLWH vs. subjects without HIV were already seropositive to HPV-16 and/or HPV-18 at baseline, in both vaccine groups. Among WLWH, antibody responses tended to be higher in subjects with maternally-transmitted HIV versus sexually-transmitted HIV, and for subjects with higher CD4 cell counts. AS04-HPV-16/18 was however able to induce a comparable antibody response in subjects with mild immunodeficiency status (CD4 counts of 350--500 cells/mm³) to the response produced by 4vHPV in subjects with normal CD4 counts (\>500 cells/mm³). Regarding cell-mediated immunity, CD4 T cell responses were detected in all groups and were comparable for both antigens, while there was a trend for higher memory B cell responses with AS04-HPV-16/18 vs. 4vHPV. The 4vHPV group of WLWH showed a poor B-cell response for HPV-18 with a median value of 35·0 cells per million memory B cells at month 7, vs. 332·5 cells per million memory B cells for the AS04-HPV-16/18 vaccine. Together with the rapid waning of serum antibody seropositivity rates at month 24 (68·4%) and the observation of HPV-18 breakthrough infections in an independent efficacy trial, these findings raise questions on the potential of waning of protection against HPV-18 infection in the long term for 4vHPV [@bib0023]. Safety and reactogenicity profiles of both HPV vaccines in all subjects were acceptable and in accordance with labels.

These results are in line with other findings in both healthy populations and WLWH \[[@bib0011],[@bib0025]\]. Results from a large phase III randomized trial in healthy women aged 18 to 45 years also showed a significantly higher immune response with AS04-HPV-16/18 vs. 4vHPV, in terms of serum neutralizing antibodies to HPV-16 and HPV-18 at month 7, which was sustained after five years (i.e., 2·3- to 7·8-fold differences in immune response between the vaccines, depending on subjects' age). Based on these data, statistical models predicted that antibody responses could persist for a longer duration with AS04-HPV-16/18 vs. 4vHPV [@bib0011]. In a randomized controlled double-blind trial in 61 men and 30 women living with HIV (older adults), three doses of AS04-HPV-16/18 and 4vHPV were immunogenic and well tolerated, with superior immune responses noted for AS04-HPV-16/18 among WLWH and, higher neutralizing anti-HPV-18 antibody titers at seven and 12 months in men and women living with HIV [@bib0021]. A follow-up study assessing cell-mediated immunity against HPV in a subset of 30 adults living with HIV on long-term antiretroviral treatment reported that both vaccines were able to induce significant and comparable frequencies of HPV-antigen specific CD4 T cells [@bib0022].

Humoral and cell-mediated immunity are both likely to be responsible for vaccine-induced protection [@bib0014]. In this study, the AS04-HPV-16/18 vaccine showed immunological superiority vs 4vHPV and the ability to elicit a similar response in WLWH when compared to the 4vHPV in subjects without HIV. A higher immune response induced by vaccination has the potential to induce longer-lasting protection in subjects with altered immunocompetence. The adjuvant system in AS04-HPV-16/18 is likely to play a key role in the immunogenicity of the vaccine; in addition to aluminum hydroxide, AS04 contains MPL which is a potent immune-system stimulant that induces high antibody and T cell responses [@bib0017]. In phase II trials, the AS04-adjuvanted vaccine was able to induce significantly higher T cell and antibody responses to both HPV-16 and HPV-18 antigens compared to the same antigens formulated with aluminum hydroxide only [@bib0026]. AS04 is also thought to play a key role in the broader than expected vaccine efficacy beyond vaccine types HPV-16 and HPV-18, first observed in phase III clinical trials and more recently in real life settings \[[@bib0014],[@bib0027]\].

This study was limited in the interpretation of immunogenicity given that there is no accepted immune correlate of protection for HPV vaccines, although it is believed that antibodies play a key role in protection. Another potential limitation of this study was the use of an ELISA using the L1-based VLPs present in AS04-HPV-16/18 as coating antigen to assess some (non-primary) endpoints. However, for the co-primary immunogenicity endpoint, we used PBNA, which was developed at the US National Cancer Institute [@bib0028] and for which the L1L2-based HPV pseudovirions are independent of either vaccine L1-based VLPs. In a previous randomized trial of these vaccines, a strong correlation was found in immune responses whether measured by PBNA or ELISA [@bib0010], and the same was shown in the present study for both vaccines. Interestingly, the correlation was found slightly better for 4vHPV than for AS04-HPV-16/18 in this trial.

To date, this is the largest head to head study that looked at HPV vaccine immunogenicity in WLWH. Both vaccines were well tolerated and immunogenic in subjects living with HIV. The AS04-HPV-16/18 vaccine was shown to be immunologically superior to 4vHPV in WLWH with higher HPV-16/18 antibody response and higher seropositivity rates to month 24. Interestingly, the AS04-HPV-16/18 vaccine induced a similar response in WLWH than 4vHPV in subjects without HIV. Of potential concern for long term protection is the apparent low humoral response -both in terms of elicited antibodies and seroconversion rates- and the nearly lack of cellular immune memory response for the HPV-18 component of the 4vHPV vaccine, in line with the observation of breakthrough infections in an independent efficacy study [@bib0023]. Overall, the difference in immune response observed after vaccination with the two vaccines highlights the potential benefits of the AS04 adjuvantation. Previous and present studies suggest a potential for a more robust and longer lasting protection with the adjuvanted vaccine, hopefully ongoing trials may help providing an answer to that question (NCT03180034 and NCT03309033).
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[Tables A1](#tbl0004){ref-type="table"}, [A2](#tbl0005){ref-type="table"}, [A3](#tbl0006){ref-type="table"}, [A4](#tbl0007){ref-type="table"}, [A5](#tbl0008){ref-type="table"}, [A6](#tbl0009){ref-type="table"}, [A7](#tbl0010){ref-type="table"}, and [A8](#tbl0011){ref-type="table"},Table A1Primary and secondary endpoint descriptionAppendix Table 1**Co-primary immunogenicity endpoint**To demonstrate non-inferiority of AS04-HPV-16/18 versus (vs.) 4vHPV in terms of geometric mean titers (GMTs) against HPV-16 and HPV-18 measured by Pseudovirion-based neutralization assay (PBNA) one month after administration of the third dose of vaccine in HIV+ subjects.\
**Criterion:** Non-inferiority was to be demonstrated if the lower limit of the 95% confidence interval (CI) for the ratio of GMTs (AS04-HPV-16/18 over 4vHPV) was above 0·5 for both HPV types.If non-inferiority was demonstrated, demonstrate superiority of AS04-HPV-16/18 over 4vHPV in terms of GMTs against HPV-16 and HPV-18 measured by PBNA in HIV+ subjects assessed in a sequential approach:-First, superiority for HPV-18 type-Second, if superiority for HPV-18 was shown, superiority for HPV-16 was to be assessed.**Criterion:** Superiority was to be demonstrated if the lower limit of the 95% CI for the ratio of GMTs (AS04-HPV-16/18 over 4vHPV) was above 1 for HPV-18 type with a statistically significant p-value.\
Superiority was to be demonstrated if the lower limit of the 95% CI for the ratio of GMTs (AS04-HPV-16/18 over 4vHPV) was above 1 for HPV-16 type with a statistically significant p-value.**Co-primary safety endpoint**Safety: safety and reactogenicity of both vaccines in HIV+ subjects for up to one month after the third dose of vaccine (up to month 7).•Occurrence and intensity of solicited local symptoms within seven days of vaccination in HIV+ subjects.•Occurrence, intensity and relationship to vaccination of solicited general symptoms within seven days of vaccination in HIV+ subjects.•Occurrence, intensity and relationship to vaccination of unsolicited symptoms within 30 days of vaccination in HIV+ subjects.•Occurrence of serious adverse events (SAEs) up to 30 days after the last dose of vaccine (i.e., Month 7) in HIV+ subjects.•Occurrence of medically-significant conditions (including potentially immune-mediated diseases \[pIMDs\]) up to 30 days after the last dose of vaccine (i.e., Month 7) in HIV+ subjects.•Occurrence and outcome of pregnancies up to 30 days after the last dose of vaccine (i.e., Month 7) in HIV+ subjects.•Occurrence of clinically-relevant abnormalities in haematological and biochemical parameters up to 30 days after the last dose of vaccine (i.e., Month 7) in HIV+ subjects.•CD4 cell count up to 30 days after the last dose of vaccine (i.e., Month 7) in HIV+ subjects.•HIV viral load up to 30 days after the last dose of vaccine (i.e., Month 7) in HIV+ subjects.•HIV clinical staging up to 30 days after the last dose of vaccine (i.e., Month 7) in HIV+ subjects.**Secondary immunogenicity endpoints**To demonstrate superiority of AS04-HPV-16/18 vs. 4vHPV in terms of GMTs against HPV-16 or HPV-18 measured by PBNA one month after the administration of the third dose of vaccine in HIV- subjects.\
**Criterion:** Superiority of AS04-HPV-16/18 vs. 4vHPV was to be demonstrated if the lower limit of the 97·5% CI for the ratio of GMTs (AS04-HPV-16/18 over 4vHPV) was above 1 for the antigen considered with a statistically significant p-value.To evaluate the antibody response of both vaccines with respect to HPV-16 and HPV-18 antibody titers and total IgG titers by Enzyme-Linked Immunosorbent Assay (ELISA) in serum at Day 0, Week 6, Week 10, Months 7, 12, 18 and 24 in all (HIV+ and HIV-) subjects.To evaluate the antibody response with respect to HPV-16 and HPV-18 antibody titers and total IgG titers, by ELISA in cervico-vaginal secretions (CVS) at Day 0, Week 6, Week 10, Months 7, 12 and 24 in post-menarcheal subjects who volunteer for this procedure.To evaluate the memory B and T cell-mediated immune (CMI) response (frequencies of HPV-16 and HPV-18 specific B-cells and T cells) at Day 0, Week 6, Week 10, Months 7 and 12 in a subset of approximately 100 subjects (50 HIV+ and 50 HIV-).**Secondary safety endpoints**Safety: Safety and reactogenicity of both vaccines in HIV- subjects for up to one month after the third dose of vaccine. Safety and reactogenicity of both vaccines in all subjects for up to 24 months after the first vaccine doseTable A2Statistical methods for all immunogenicity and safety analyses.Table A2Immunogenicity: between group and within group assessmentbetween-group comparisons to assess non-inferiority were done on the according-to-protocol (ATP) cohort for immunogenicity (by Pseudovirion-based neutralization assay \[PBNA\], regardless of HPV serostatus at baseline). A second analysis on Total Vaccinated cohort (TVC) was performed to support the primary analysis. The within-group comparisons were performed on the ATP cohort for analysis of immunogenicity. A second analysis based on the TVC was performed to complement the ATP analysis.-Primary and secondary between-group comparisons to assess superiority were performed on the TVC (by PBNA; regardless of HPV serostatus at baseline).-A second analysis on ATP cohort for immunogenicity was performed to support the primary analysis.-Two-sided 95% confidence intervals (CIs) of anti-HPV-16 and anti-HPV-18 geometric mean titers (GMT) ratios (AS04-HPV-16/18 over 4vHPV), at Month 7, were computed using an analysis of variance (ANOVA) model on the log10 transformation of the titers for HIV+ subjects (primary objective) and for HIV- subjects (secondary objectives).-The ANOVA model included the vaccine group as fixed effect.PBNA and ELISAFor each group, at each time point with a blood sample result available (Months 0 and 7 for PBNA; Day 0, Week 6, Week 10, Months 7, 12, 18 and 24 for enzyme-linked immunosorbent assay \[ELISA\]), the following analyses were conducted:-Seroconversion and seropositivity rates for each antigen (with exact 95% CI) per pre-vaccination status.-GMTs/geometric mean concentrations (GMCs) with 95% CI and range for antibodies for each antigen per pre-vaccination status, mode of transmission, clinical stage and antiretroviral (ARV) therapy.-The distribution of antibody titers for each antigen using reverse cumulative distribution curves.-The same tabulations were performed on subjects according to the type specific HPV serological status before vaccination, and on HIV+ subjects for each time point according to CD4 count (level/mm3), HIV viral load (copies/mL), ARV use.CMIin a subset of approximately 100 subjects from selected countries (Day 0, Week 6, Week 10, Months 7 and 12; T cell by intracellular cytokine staining \[ICS\]; B cell by enzyme-linked immunospot \[ELISPOT\]), the following analyses were performed:-CD4/CD8 T cell response by ICS (IntraCellular Cytokine Staining): Frequency of cytokines-positive (d-CD40L, [d]{.smallcaps}-IL2, [d]{.smallcaps}-TNFα, [d]{.smallcaps}-IFNγ or all doubles) CD4 or CD8 T cells, for each stimulant (HPV-16 and HPV-18) at each time point (Day 0, Week 6, Week 10, Months 7 and 12) was summarized for each group.-B cell response by ELISPOT: The results of each stimulant (HPV-16 and HPV-18) at each time point (Day 0, Week 6, Week 10, Months 7 and 12) were summarized for each group. Values of 0 were given an arbitrary value of 1 for the purpose of geometric mean calculation.-Further, for each stimulant (HPV-16 and HPV-18) the number and percentage of subjects above 0 were calculated.Safety analysisThe primary safety analysis was performed on the TVC. A second analysis based on the ATP cohort for safety was performed to complement the TVC analysis. The following analyses were done on HIV+ subjects (primary objectives) and on HIV- subjects (secondary objectives):-percentage of subjects with solicited local and general and grade 3 adverse events (AEs) during the solicited follow-up period (Days 0 -- 6) and during the during the 30-day follow-up period, with relationship to vaccination and median duration-medically-significant conditions or a potentially immune-mediated disease (pIMD) from first vaccination up to 12 months after the last vaccine dose (i.e., Month 18)-serious adverse events (SAEs), withdrawal due to AE(s)-proportion of subjects who received at least one concomitant medication during the entire study period-in HIV+ subjects: CD4 cell counts, HIV viral load, WHO HIV clinical staging and the use of ARVs.Table A3Geometric mean antibody concentration (GMC) for HPV-16 and HPV-18 antibodies in subjects seronegative at baseline by ELISA (TVC).Table A3anti-HPV-16 antibody (IU/mL)AS04-HPV-16/18 WLWH4vHPV WLWHAS04-HPV-16/18 without HIV4vHPV without HIVGMC95%CIGMC95%CIGMC95%CIGMC95%CIVISIT1 (D0)1.61.61.61.61.61.61.61.61.61.61.61.6VISIT2 (W6)30.322.640.522.917.230.653.244.263.935.230.041.2VISIT3 (W10)343.5275.6428.2194.9151.9250.2578.0472.5707.0357.1293.7434.3VISIT5 (M7)752.3566.2999.5354.9269.5467.42123.61621.02782.1777.9611.2990.1VISIT6 (M12)189.1140.2255.192.268.1124.8642.7504.6818.8274.9226.2334.1VISIT7 (M18)119.189.9157.743.532.158.9348.3284.6426.4118.698.8142.4VISIT8 (M24)96.871.7130.733.725.045.5281.8226.8350.291.576.2109.9anti-HPV-18 antibody (IU/mL)AS04-HPV-16/18 WLWH4vHPV WLWHAS04-HPV-16/18 without HIV4vHPV without HIVGMC95%CIGMC95%CIGMC95%CIGMC95%CIVISIT1 (D0)1.61.61.61.61.61.61.61.61.61.61.61.6VISIT2 (W6)19.815.225.87.05.39.345.237.254.99.88.111.7VISIT3 (W10)280.6225.7348.840.530.953.2457.4373.4560.385.168.7105.3VISIT5 (M7)486.6381.5620.782.860.9112.61010.8777.71313.7217.4170.2277.7VISIT6 (M12)121.291.7160.218.013.124.6278.7219.2354.260.948.376.9VISIT7 (M18)69.952.992.59.16.812.3156.3126.3193.325.820.832.0VISIT8 (M24)53.439.272.88.06.010.6132.8106.9164.919.715.924.5[^8]Table A4Percentage of WLWH (seronegative at baseline) with seroconversion and anti-HPV-16 VLP IgG antibody GMCs by ELISA, by HIV transmission mode (TVC).Table A4AS04-HPV-16/184vHPVHIV transmission modeSexualMotherSexualMother%GMC (IU/mL)%GMC (IU/mL)%GMC (IU/mL)%GMC (IU/mL)VISIT1 (D0)0.01.60.01.60.01.60.01.6VISIT2 (W6)97.842.692.119.891.925.793.520.0VISIT3 (W10)100268.4100457.0100113.6100285.6VISIT5 (M7)97.8505.71001219.7100182.8100575.9VISIT6 (M12)95.6113.3100333.297.047.097.7143.4VISIT7 (M18)97.772.7100206.193.822.695.565.7VISIT8 (M24)97.759.2100161.796.918.595.349.4[^9]Table A5Percentage of WLWH (seronegative at baseline) with seroconversion and anti-HPV-18 VLP IgG antibody GMCs by ELISA, by HIV transmission mode (TVC).Table A5AS04-HPV-16/184vHPVHIV transmission modeSexualMotherSexualMother%GMC (IU/mL)%GMC (IU/mL)%GMC (IU/mL)%GMC (IU/mL)VISIT1 (D0)0.01.60.01.60.01.60.01.6VISIT2 (W6)93.620.489.516.061.76.370.87.6VISIT3 (W10)100211.8100354.291.726.297.960.4VISIT5 (M7)97.7338.7100736.195.743.097.8159.8VISIT6 (M12)97.875.7100198.477.39.093.234.4VISIT7 (M18)95.542.0100113.650.04.784.416.2VISIT8 (M24)90.531.210087.948.84.284.113.8[^10]Table A6Percentage of WLWH (HPV seronegative at baseline) with seroconversion and anti-HPV-16 VLP IgG antibody GMCs by ELISA, by baseline CD4 cell count.Table A6AS04-HPV-16/184vHPVCD4 baselineCD4 350--500CD4 \>500CD4 350--500CD4 \>500%GMC (IU/mL)%GMC (IU/mL)%GMC (IU/mL)%GMC (IU/mL)VISIT1 (D0)0.01.60.01.60.01.60.01.6VISIT2 (W6)95.820.095.335.390.016.395.227.0VISIT3 (W10)100229.0100399.9100120.9100242.9VISIT5 (M7)96.0481.6100908.7100203.8100459.8VISIT6 (M12)96.0133.498.3218.796.357.798.3114.7VISIT7 (M18)96.083.0100138.892.626.796.654.6VISIT8 (M24)96.063.1100117.292.621.498.241.8[^11]Table A7Percentage of WLWH (HPV seronegative at baseline) with seroconversion and anti-HPV-18 VLP IgG antibody GMCs by ELISA, by baseline CD4 cell count.Table A7AS04-HPV-16/184vHPVCD4 baselineCD4 350--500CD4 \>500CD4 350--500CD4 \>500%GMC (IU/mL)%GMC (IU/mL)%GMC (IU/mL)%GMC (IU/mL)VISIT1 (D0)0.01.60.01.60.01.60.01.6VISIT2 (W6)93.312.692.324.454.85.570.87.8VISIT3 (W10)100167.0100356.590.321.997.352.6VISIT5 (M7)96.6344.9100574.796.743.097.1110.2VISIT6 (M12)96.678.3100149.175.910.189.623.1VISIT7 (M18)96.645.598.386.146.44.977.611.9VISIT8 (M24)93.132.696.469.348.34.377.310.5[^12]Table A8Summary table of key results.Table A8**Superiority of AS04-HPV-16/18** **vs 4vHPV in WLWH (TVC) by PBNA at month 7**AS04-HPV-16/184vHPVAdjusted GMT ratio (95%CI)p valueNGMTNGMTanti-HPV-16\
PBNA titers10920,279.61107400.82.74 (1.83; 4.11)\<0·0001anti-HPV-18\
PBNA titers10911,128.11101496.57.44 (4.79; 11.54)\<0·0001**Seroconversion (GMC ≥ 3.1 IU/mL) at month 24 in WLWH (TVC)**AS04-HPV-16/184vHPVn/N%95% CIn/N%95% CIanti-HPV-16\
antibody80/8198.893.3--10081/8496.489.9--99.3anti-HPV-18\
antibody80/8495.288.3--98.765/9568.458.1--77.6**GMC (IU/mL) at month 24 in initially seronegative WLWH (TVC)**AS04-HPV-16/184vHPVNGMC95%CINGMC95%CIanti-HPV-16\
antibody8196.871.7--130.78433.725.0--45.5anti-HPV-18\
antibody8453.439.2--72.8958.06.0--10.6**Non-inferiority of AS04-HPV-16/18 in WLWH vs 4vHPV in HIV-negative (ATP) by PBNA at month 7**AS04-HPV-16/184vHPVAdjusted GMT ratio (95%CI)95%CI (LL-UL)NGMTNGMTanti-HPV-16\
PBNA titers8022,515.28027,234.70.830.57--1.20anti-HPV-18\
PBNA titers8012,397.4807002.51.771.20--2.61**CD4 T-cell response median frequency in initially seronegative WLWH at month 12 (TVC)**AS04-HPV-16/184vHPVNMedianIQRNMedianIQRHPV-16142155.01225.0--4614.0101715.01106.0--2511.0HPV-18111715.01070.0--4063.013987.0346.0--1932.0**Memory B-cell response in initially seronegative WLWH at month 12 (TVC)**AS04-HPV-16/184vHPVNMedianIQRNMedianIQRHPV-1618256.545.0--1003.08180.064.5--476.0HPV-1816103.01.0--705.51037.51.0--102.0
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[^1]: D: day; ELISA: Enzyme-linked Immunosorbent Assay; ELISPOT: Enzyme-linked Immunospot; HPV: human papillomavirus; ICS: Intracellular Cytokine Staining; M: month; PBNA: Pseudovirion-Based Neutralization Assay; W: week.

[^2]: Memory B-cells by ELISPOT and CD4/CD8 T cells by ICS.

[^3]: Immunoglobulin G and anti-HPV16/18 by ELISA in cervico-vaginal secretion samples.

[^4]: HAART: highly-active antiretroviral therapy; HIV: human immunodeficiency virus; HPV: human papillomavirus; n: number of subjects in a category; N: total number of subjects; Q: quartile; SD: standard deviation; TVC: total vaccinated cohort; WHO: World Health Organization; WLWH: women living with HIV.

[^5]: ATP: according to protocol; CI: confidence interval; HIV: human immunodeficiency virus; HPV: human papillomavirus; PBNA: Pseudovirion-Based Neutralization Assay; TVC: total vaccinated cohort; WLWH: women living with HIV.

[^6]: Adjusted GMT = geometric mean antibody titer adjusted for country.

[^7]: *n* = Number of subjects with post-vaccination results available.

[^8]: ATP: according to protocol;D: Day; CI: confidence interval; GMC: geometric mean concentration; HIV: human immunodeficiency virus; HPV: human papillomavirus; IU: International unit; M: Month; W: Week; WLWH: women living with HIV.

[^9]: D: Day; CI: confidence interval; GMC: geometric mean concentration; HIV: human immunodeficiency virus; HPV: human papillomavirus; IgG: immunoglobulin G; IU: International unit; M: Month; W: Week; WLWH: women living with HIV.

[^10]: D: Day; CI: confidence interval; GMC: geometric mean concentration; HIV: human immunodeficiency virus; HPV: human papillomavirus; IgG: immunoglobulin G; IU: International unit; M: Month; W: Week; WLWH: women living with HIV.

[^11]: D: Day; CI: confidence interval; GMC: geometric mean concentration; HIV: human immunodeficiency virus; HPV: human papillomavirus; IgG: immunoglobulin G; IU: International unit; M: Month; W: Week; WLWH: women living with HIV.

[^12]: D: Day; CI: confidence interval; GMC: geometric mean concentration; HIV: human immunodeficiency virus; HPV: human papillomavirus; IgG: immunoglobulin G; IU: International unit; M: Month; W: Week; WLWH: women living with HIV.
